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3 mm), were also noted. The ratio between secondary 
hadronic and electromagnetic processes depends on the type 
of incident ion and it increases with c-t-c distance and depth. 
In global terms, Fe is the ion providing the lowest ratio. 
Conclusions: Very high PVDR and narrow penumbras were 
reached in the healthy tissue, which might lead to an 
increase of dose tolerances. Thus, a spatial fractionation of 
the dose plus the use of submillimetric field sizes might allow 
profiting from the high efficiency of very heavy ions for the 
treatment of radioresistant tumours, while preserving healthy 
tissue. Biological studies are needed. 
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Purpose/Objective: Regular set up audits facilitate the 
calculation of departmental margins and inform the action 
level and frequency of the IGRT required. They should be 
carried out whenever changes in the patient pathway are 
proposed such as considering margin reduction with IMRT (1). 
We employ a daily orthogonal kV imaging protocol with 'shift 
to zero' pre-treatment to ensure that the vertebral bodies 
(and skull) are within a 3mm tolerance. In other cases, where 
patient deformation does not permit a perfect match at all 
anatomical sites, the patient may be re-setup and re-imaged, 
or prioritisation given to matching to the high dose volumes 
closest to the OAR after discussion with the clinicians. In 
addition weekly CBCTs are acquired post kV imaging and prior 
to treatment. These are reviewed offline to examine PTV 
coverage and OAR avoidance. We present the set up data for 
a cohort of H/N patients using our imaging protocol to assess 
the residual error of the bone set up as quantified by the 
CBCT post kV imaging. 
Materials and Methods: The ARIA database was interrogated 
to extract 21 consecutive H/N IMRT patients who were 
verified with the standard imaging policy. Manual matched 
daily online kV imaging data was extracted from Aria (Varian 
Medical Systems). The weekly CBCT was co-registered offline 
(automatic rigid match) to the planning CT at the skull base, 
C1-C2, C3-C4 and C5-7 separately using region-specific ROIs. 
This data defined the residual set -up error of these regions. 
Population mean, systematic and random errors were 
calculated for measurements in each direction in Excel. 
Margins were suggested based on these data (2) and 
compared to departmental values. 
Results: The online kV data show that suitable margins in the 
vertical, longitudinal and lateral directions are 3.4mm, 
4.1mm and 2.6mm respectively. However, even after a 'shift 
to zero' protocol, the offline CBCT registrations showed that 
margins of the order of 2-6mm may be required for different 
parts of the H/N anatomy and different directions (Table1). 
Margins of 2-6mm, 2-4mm, 2-3mm and 3-4mm would be 
required for the skull base, C1-C2, C3-C4 and C5-C7 
respectively. In addition large mean differences in the 
rotation of the skull are also noted. 
 
 
Conclusions: This data has demonstrated that we are able to 
deliver complex IMRT within our departmental PRV of 5mm 
but is by no means approaching zero. Care must therefore be 
taken in reducing uncertainty margins. The complex changes 
in anatomical position seen clinically are reflected in the 
data with an example of this being the rotating of the skull 
towards the feet as the patient relaxes during treatment. 
This may be due in part is due to the non-reproducibility of 
the reference CT session and /or effect of iv contrast 
administration.  
However many factors, such as the ability to facilitate 
patient compliance, radiographer skill and training, and an 
effective imaging protocol, are required to produce effective 
and reproducible immobilisation. 
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Purpose/Objective: Inoperable, locally advanced non-small 
cell lung cancer patients are commonly treated with (chemo-
)radiotherapy (RT). In our department the carina is used as a 
surrogate for alignment of the patient anatomy during RT. 
After irradiation, an offline local rigid tumor registration is 
performed to quantify the residual tumor misalignment using 
a 3D shaped region of interest (mask) around the GTV (figure 
A, B, E, F). Tumor regression, however, challenges such 
automatic registration and manual adaptations are thus often 
necessary. The purpose of this study was to improve the 
automatic registration of such regressing tumors.  
Materials and Methods: Two registration methods were 
evaluated that both aim to accurately irradiate the volume 
occupied by the tumor at the start of treatment, i.e., no 
adaptations to account for shrinkage. The first registration 
method was designed for patients with tumors attached to 
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adjacent structures. For these patients a mask was created 
from the GTV by a 2cm expansion after which the GTV itself 
was removed (figure C,D), effectively registering the 
adjacent structures. This method was evaluated on five 
weekly fractions of 24 patients. The second method was 
applied on patients with a non-attached tumor. In this 
method the local rigid registration was expanded by a scaling 
factor such that the regressing tumor in the CBCT was 
magnified to the original size of the tumor of the reference 
CT-scan during the registration (figure G,H). This method was 
applied on 5 patients and also five weekly fractions were 
evaluated. Bland-Altman analysis was applied to quantify the 
limits of agreement between these registration methods and 
the clinically approved registrations. All automatic 
registrations were visually validated to assess the success 
rate. 
Results: The limits of agreement between the registration 
method for regressing tumors attached to surrounding 
structures showed limits of agreement with the clinical 
method of -2.6—2.9mm for the LR direction, -2.9—2.8mm for 
the CC direction and -3.1—3.2mm for the AP direction. The 
alignment differences between these two methods were 1.3 
(LR), 1.4 (CC) and 1.4 mm (AP) systematically and 1.0, 1.1 
and 1.2mm randomly. This automatic method had a success 
rate of 91%. 
The limits of agreement between the registration method for 
non-attached tumors and the clinical method were larger 
with -6.0—4.1mm (LR), -8.5—7.1mm (CC) and -3.3—4.3mm 
(AP). The alignment differences between these two methods 
were 4.0 (LR), 3.9 (CC) and 3.6mm (AP) systematically and 
4.0, 3.3 and 2.4mm randomly. The success rate of these 
automatic registrations was 100%.  
Conclusions: The registration method developed for 
regressing tumors attached to surrounding structures proved 
to be a reliable method for automatic tumor registration. The 
registration method for regressing non-attached tumors is 
promising but needs further investigation on a larger patient 
cohort. 
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Purpose/Objective: Nowadays, new linear accelerators can 
be equipped with a 6D robotic couch, providing two 
additional rotational motion axes: pitch and roll. We have 
evaluated the clinical efficacy of a 6D Robotic couch-top in 
CBCT image-guided radiotherapy (IGRT) over the first 6 
months usage of the new EDGE linac (Varian). The data were 
analyzed in order to classify the pathologies for which the 
pitch and roll compensations could play a crucial function. 
Materials and Methods: The couch compensations of 2945 
fractions from 376 patients treated on the PerfectPitch™ 6 
degrees of freedom couch were analyzed. Of these patients, 
169 were brain, 114 lung, 54 liver, 26 pancreas, and 16 
prostate. During setup, the patient anatomy from planning 
CT was aligned to the kV-CBCT and the 6D movements were 
executed. Information related to pitch and roll were 
extracted by proper querying of the Microsoft SQL server 
ARIA database where all the couch displacements are 
automatically stored. Mean values and standard deviations 
were calculated for all regions. Kolmogorov–Smirnov (KS) and 
two tail t-student tests were performed to verify the normal 
distribution and the significance of the differences, 
respectively. 
Results: Considering all the data, mean pitch and roll 
adjustments were: -0.10±0.92 and 0.12±0.96; while the mean 
absolutes values of both adjustments were 0.58±0.69 and 
0.69±0.72 (p<0.01). Brain showed the highest mean absolute 
values with 0.73±0.69 and 0.80±0.78; while the lowest values 
were for pancreas with 0.36±0.47 and 0.49±0.58. T-test was 
significant for brain vs. liver, pancreas and prostate. 
Collective corrections greater than 0.5, 1.0, 2.0 were 
observed in, respectively, 79.8%, 61.0%, and 29.1% for brain; 
56.7%, 39.4%, and 6.7% for pancreas. Table 1 reports all the 
data analysis. No significant differences for months, number 
of fractions, dose per fraction were found. 
 
 
 
Table 1: Absolute pitch and roll adjustments (mean ± 
st.dev.) for brain, lung, prostate, pancreas, liver. Collective 
corrections greater than 0.5, 1.0, 2.0 for the same regions 
are reported, too. 
Conclusions: Adjustments in all six dimensions, including 
unconventional pitch and roll rotations, improve the image 
registration for all pathologies. In limited available resources 
we suggest to start the 6D robotic couch implementation on 
brain tumors. Relative to the manual corrections, the 
automated 6D robotic process increased the efficiency of 
alignment when pitch and roll corrections were warranted. 
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Purpose/Objective: Fiducial markers are proven to be 
reliable to locate the prostate during radiotherapy. Several 
studies have shown however, that the seminal vesicles may 
move independently from the prostate corpus, which may 
undermine adequate coverage of tumor invasion in the 
seminal vesicles in marker based prostate IGRT. We 
hypothesize that the vesicles become more rigid in case of 
tumor infiltration and are thus adequately covered by marker 
based IGRT. The aim of this study was to assess the 
relationship between the progressiveness of tumor invasion in 
